SOLID-STATE IMAGING DEVICE AND 
METHOD FOR PRODUCING THE SAME 



BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention relates to a solid-state imaging device 
configured by mounting an imaging element such as a CCD on a base and a 
method for producing the same. 
2. Related Background Art 

10 Solid-state imaging devices are used widely for video cameras and 

stiU cameras, and are provided in a form of a package in which an imaging 
element such as a CCD is mounted on a base made of an insulating material 
and a Hght-receptive region is covered with a transparent plate. In order 
to miniaturize the device, the imaging element is mounted on the base while 

15 keeping a bare chip state (for example, see JP 2000-58805 A). Such a 
conventional example of the solid-state imaging devices wiU be described 
below with reference to Fig. 7. 

Abase 31 in Fig. 7 is made of ceramic or a plastic resin and has a 
frame form in planar shape having an aperture 32 in its center portion. A 

20 bottom face of the base 3 1 is recessed at a region along a periphery of the 
aperture 32 so as to form a recess 33. The bottom face of the base 31 is 
provided with a wiring 34 made of a gold plate layer, which extends from the 
vicinity of the aperture 32 to a peripheral end face of the base 31. On the 
face of the recess 33 with the wiring 34 formed thereon, an imaging element 

25 35 configured with a CCD and the hke is mounted, which is connected with 
the wiring 34. The imaging element 35 is disposed so that its 
hght-receptive region 35a faces the aperture 32. On a top face of the base 
31, a transparent plate 36 made of glass is attached so as to cover the 
aperture 32. The surroundings of an end portion of the imaging element 35 

30 are filled with a sealing resin 37 so as to hermetically seal a gap between 

the end portion of the imaging element 35 and the base 31. In this way, the 
hght-receptive region 35a is disposed within a closed space formed with the 
aperture 32. 

On the same surface of the imaging element 35 as the 
35 hght-receptive region 35a, an electrode pad (not illustrated) connected with 
a circuit for the hght-receptive region 35a is disposed, and a bump 
(protrusion electrode) 38 is provided on the electrode pad. An end portion 
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of the wiring 34 adjacent to the aperture 32 forms an internal terminal 
portion, which is connected with the electrode pad for the imaging element 
35 via the bump 38. 

This solid-state imaging device is to be mounted on a circuit board, 
5 in a position as shown in the drawing, with a transparent plate 36 side 
facing upward. A portion of the wiring 34 that is disposed on the bottom 
face of the outer peripheral area (the area outside the recess 33) of the base 
3 1 forms an external terminal portion, which is used for the connection with 
an electrode on the circuit board. A lens barrel (not illustrated) with an 

10 imaging optical system incorporated therein is provided above the 

transparent plate 36, where a relative positional relationship with the 
photo-receptive region 35a is set with predetermined accuracy. By means 
of the imaging optical system incorporated in the lens barrel, Hght from an 
object to be imaged is collected onto the hght-receptive region 35a so as to 

15 effect photoelectric conversion. 

In addition, as well as the structure of the base 31 in the 
configuration shown in Fig. 7, there is a known example of a solid-state 
imaging device employing a base having a flat planar shape as the whole 
without the recess 33 on the face for mounting the imaging element 35 (for 

20 example, see JP 2002-43554 A). In such a case, an external terminal 

portion disposed at a peripheral end portion of a base is connected with an 
electrode on a circuit board by means of a solder ball and the like having a 
large diameter. The solder ball functions so as to adjust an interval 
between the bottom face of the imaging element 35 and a face of the circuit 

25 board as weU. 

According to the configuration of the above-described conventional 
solid-state imaging devices, however, it is difficult to obtain a sufficient 
flatness of the base 31. That is to say, since the base 31 has a frame form 
having the aperture 32, there is a tendency to generate a curl and a warp in 

30 its cross-sectional shape. When the flatness of the face of the recess 33 to 
which the imaging element 35 is to be mounted is not sufficient, then the 
position of the imaging element 35 becomes unstable, resulting in the lens 
barrel not being aligned accurately with respect to the light-receptive 
region 35a. 

35 Furthermore, in the conventional examples, the wiring is formed by 

plating. In this respect, a process for applying the plating to the base 31 is 
complicated, and the process tends to generate a variation in dimensional 
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accuracy of the formed wiring 34 and requires high cost. 



SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide a soHd-state imaging device whose base for mounting 
an imaging element has a practically sufficient flatness. In addition, it is 
another object of the present invention to provide a solid-state imaging 
device which is provided with wirings with a reduced variation in 
dimensional accuracy and at a low cost. Furthermore, it is stiU another 
object of the present invention to provide a manufacturing method that is 
suitable for producing such a solid-state imaging device. 

A soUd-state imaging device of the present invention includes: a 
base made of an insulation material and having a frame form in planar 
shape with an aperture formed at an inner region; a plurality of wirings 
provided on one surface of the base and extending toward an outer 
periphery of the base from a region along the aperture; and an imaging 
element mounted on the surface of the base with the plurality of wirings 
provided thereon so that a hght-receptive region of the imaging element 
faces the aperture. An end portion on the aperture side of each of the 
plurahty of wirings forms an internal terminal portion and an end portion 
on the outer peripheral side of each of the plurality of wirings forms an 
external terminal portion, the internal terminal portion of the wiring being 
connected electricaUy with an electrode of the imaging element. In order to 
cope with the above-stated problem, the plurality of wirings are made of 
thin metal plate leads, the base is made up of a resin molded member in 
which the thin metal plate leads are embedded, and at least a part of a side 
edge face of the thin metal plate leads is embedded in the base. 

According to the present invention, a method for producing a 
soHd-state imaging device having the above-described configuration 
includes: using a pair of molds for forming cavities for molding the base, 
together with a lead frame having thin metal plate leads for forming the 
plurahty of wirings and a reinforcing plate portion having a shape 
corresponding to a shape of the aperture of the base which is connected to 
the thin metal plate leads in a semi-disconnected state at a boundary 
portion therebetween; placing the lead frame between the pair of molds so 
that the thin metal plate leads are positioned in the cavities formed with the 
pair of molds and so that the reinforcing plate portion is positioned at a 



portion where the aperture is to be formed; pouring a sealing resin in the 
cavities. foUowed by curing the sealing resin; taking a resin molded member 
formed in a shape of the base, in which the thin metal plate leads are 
embedded, out of the pair of molds; separating the reinforcing plate portion 
from the thin metal plate leads so as to obtain the base, and mounting the 
imaging element on a face of the base with the plurality of wirings provided 
thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a solid-state imaging device in 
Embodiment 1. 

Fig 2 A is a plan view of a base composing the solid-state imaging 
device of Fig. 1, when viewed from the rear side, and Fig 2B is a side view of 
the same. 

Fig. 3 is a cross-sectional view of a soUd-state imaging device in 
Embodiment 2. 

Fig 4Ais a plan view of a base composing the solid-state imaging 
device of Fig. 3, when viewed from the rear side, and Fig 4B is a side view of 
the same. 

Figs. 5Ato C are cross-sectional views showing a method for 
producing a soM-state imaging device in Embodiment 3. 

Fig. 6 is a plan view of the base at a stage of Fig. 5B. 

Fig. 7 is a cross-sectional view of a solid-state imaging device as a 
conventional example. 

DETAILED DESCRIPTION OF THE INVENTION 

In a sohd-state imaging device of the present invention, wirings 
provided on a base for mounting an imaging element are made of thin metal 
plate leads, and the base is made up of a resin molded member m which the 

0 thin metal plate leads are embedded. At least a part of a side edge face of 
the thin metal plate leads is embedded in the base, which increases the 
rigidity of the base, so as to suppress a curl and a warp of the base. As a 
result, a practically sufficient flatness of the base can be obtained. 
Moreover, wirings provided with a reduced variation in dimensional 

5 accuracy can be obtained at low cost. 

This soUd-state imaging device may have a configuration in which 
the surface of the base with the plurality of wirings provided thereon has a 
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recess at a region along the aperture so as to be recessed relative to a region 
outside the recess, and on a face of the recess, the imaging element is 
mounted. Preferably, a surface of a portion of the thin metal plate leads 
residing between the internal terminal portion and the external terminal 
portion is embedded in the base. 

The above-described sohd-state imaging device may have a 
configuration in which a thickness of the base is substantially uniform, and 
a solder ball is provided on the external terminal portion of each of the 
plurahty of wirings. 

The above-described sohd-state imaging device may have a 
configuration in which at least one of the internal terminal portion and the 
external terminal portion of the thin metal plate leads protrudes fi:om a 
surface of the base. 

Preferably, the base includes a plurahty of positioning reference 
holes that are formed in a thickness direction of the base, and the imaging 
element is arranged so as to have a predetermined planar positional 
relationship with respective to the plurahty of positioning reference holes. 
The plurahty of positioning reference holes may be arranged respectively at 
asymmetrical positions in the planar shape of the base. This configuration 
allows the orientation of the base to be recognized. Alternatively, 
diameters of the plurahty of positioning reference holes may be different 
from one another. In addition, preferably, the plurahty of positioning 
reference holes penetrate through the base in the thickness direction of the 
base, wherein a diameter of the plurahty of positioning reference holes on 
an imaging element mounting side is smaUer than a diameter of the same 
on a rear face side. 

A method for producing a sohd-state imaging element of the present 
invention is characterized by the configuration of a lead frame which is used 
in a process for resin-molding of the base. That is, the lead firame has thin 
) metal plate leads for forming wirings and a reinforcing plate portion havmg 
a shape corresponding to a shape of an aperture of a base which is coupled 
to the thin metal plate leads in a semi-disconnected state at a boundary 
portion therebetween. After molding, the reinforcing plate portion is 
separated firom the thin metal plate leads. The semi-disconnected state 
5 refers to a state in which a thin metal plate is substantially cut at a 

boundary between the respective regions, with a small thickness being left 
uncut and the connections between the coupled portions are kept with a 
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weak force such that the apphcation of a smaU force separates the portions 
easily The presence of the reinforcing plate portion during the molding 
process prevents the formation of a hoUow between upper and lower molds 
at the time of molding, thus suppressing the generation of a curl and a warp 
of the base. 

In this method, preferably, a recess for forming the cavities is formed 
in one of the pair of molds, and a deflashing sheet is interposed between the 
other mold and the lead frame when molding the base. The presence of the 
reinforcing plate portion secures the fixing of the deflashing sheet, so that 
an effect for suppressing the generation of a flash can be obtained 
sufficiently. 

The following specificaUy describes embodiments of the present 
invention, with reference to the drawings. 
Emhodiment 1 

Asohd-state imaging device of Embodiment 1 will be described 
below, with reference to Figs. 1 and 2. Abase 1 is made of a plastic resin 
such as an epoxy resin and has a rectangular frame form in planar shape 
having a rectangular aperture 2 in its center portion. Abottom face of the 
base 1 is recessed at a region along a periphery of the aperture 2 so as to 
form a rectangular recess 3 that surrounds the aperture 2. The bottom face 
of the base 1 is provided with a plurality of wirings 4 made of thin metal 
plate leads, which extend from the vicinity of the aperture 2 to an outer 
peripheral end face of the base 1. As the thin metal plate leads, Cu alloy, 
42 aUoy (Fe-Ni 42 aUoy) and the like, which are similar to the materials 
used for a normal lead frame, are used. Thickness thereof usuaUy ranges 
approximately from 2 to 3 |im. 

On the surface of the recess 3 with the wirings 4 formed thereon, an 
imaging element 5 such as a CCD and the Hke formed on a Si base is 
mounted, which is connected with the wirings 4. The imaging element 5 is 
mounted so that its Ught-receptive region 5a faces the aperture 2. On a 
top face of the base 1, a transparent plate 6 made of glass is attached so as 
to cover the aperture 2. The peripheral portion of the imaging element 5 is 
fiUed with a seahng resin 7 made of an epoxy resin and the hke so as to 
hermetically seal a gap between the end portion of the imaging element 5 
and the base 1. In this way, the Hght-receptive region 5a is disposed 
within a closed space formed with the aperture 2. 

On the same surface of the imaging element 5 as the light-receptive 
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region 5a, an electrode pad (not illustrated) connected with a circuit of the 
light-receptive region 5a is disposed, and a bump 8 made of Au is provided 
on the electrode pad. An end portion of each of the wirings 4 adjacent to 
the aperture 2 forms an internal terminal portion 4a. which is connected 
with the electrode pad of the imaging element 5 via the bump 8. Aportion 
of each wiring 4 that is disposed on the bottom face of the outer peripheral 
end portion (the portion outside the recess 3) of the base 1 forms an external 
terminal portion 4b, which is used for the connection with an electrode on a 
circuit board. 

Outside the recess 3 of the base 1, a plurahty of positioning 
reference holes 9 are formed. The imaging element 5 is packaged with 
predetermined positional accuracy with respect to the positioning reference 
holes 9 Therefore, when the solid-state imaging device is mounted on the 
circuit board and a lens barrel with an imaging optical system incorporated 
therein is provided above the transparent plate 6, the planar position of the 
lens barrel can be determined accurately with respect to the light-receptive 
region 5a. It is preferable that, as shown in the drawing, the plurahty of 
positioning reference holes 9 are arranged asymmetrically in the planar 
geometry of the base 1. This arrangement also can be utilized for 
I recognizing the orientation of the base 1. Alternatively, the arrangement of 
a plurahty of positioning reference holes having different diameters can 
provide the same effect. 

The base 1 is shaped so that the plurahty of thin metal plate leads 
that constitute the respective wirings 4 are embedded therein. Referring to 
3 Figs 2A and 2B, the configuration of the base 1 with the thin metal plate 
leads constituting the wirings 4 embedded therein will be described below. 
Fig. 2Ais a plan view showing the base 1 in a state before the packagmg of 
the imaging element 5, when viewing it from below in Fig. 1. Fig. 2B is a 
side view of the same. As shown in Fig. 2A. the wirings 4 include the 
0 internal terminal portion 4a, the external terminal portion 4b and an 

intermediate portion 4c residing therebetween. The intermediate portion 
4c is embedded in the resin that forms the base 1. In addition, as shown in 
Fig 2B while the surfaces of the internal terminal portion 4a and the 
external terminal portion 4b are exposed, the side edge faces thereof are 
J5 embedded in the base 1. The entire side edge faces are not necessarily 
embedded as shown in the drawing. The degree of the embedding can be 
adjusted depending on the other conditions, as long as the degree is 
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sufficient for obtaining the functions and the effects described later. That 
is to say, unlike Fig. 2B, a portion of the side edge face of the external 
terminal portion 4b or the internal terminal portion 4a may be exposed so 
that the external terminal portion 4b or the internal terminal portion 4a 
protrudes from the surface of the base 1. 

Since the wirings 4 formed with the thin metal plate leads are 
embedded in the base 1 as described above, the frame form of the base 1 is 
reinforced by the thin metal plate leads, thus obtaining an effect of 
maintaining the flatness of the top and bottom surfaces of the base. That is 
to say, while the base 1 having the aperture 2 tends to generate a curl and a 
warp, the rigidity functioning against the internal stress generating the curl 
and the warp is increased by embedding the thin metal plate leads therein, 
thus substantiaHy maintaining the flatness of the frame form for a practical 
purpose. As a result, the position of the imaging element 5 mounted on the 
face of the base 1 becomes stable, so that the lens barrel easily can be 
aligned with respect to the Hght-receptive region 5a with accuracy 

Furthermore, the thin metal plate leads can be manufactured with 
accuracy and with a reduced variation of dimension, and moreover at a low 
cost by a process of cutting a thin metal plate. 

Moreover, the use of the thin metal plate leads can increase the 
thickness of the wirings 4 sufficiently as compared with the case of the use 
of plated metal layer. Therefore, as a result of the exposure of the end faces 
of the wirings 4 from the outer end face of the base 1 as shown in Fig. 1, the 
fillet of solder can be formed sufficiently on the end faces of the wirings 4 
when the electrode on the circuit board and the wirings 4 are connected with 
the solder. As a result, sufficient bonding strength with the solder can be 
obtained. Consequently there is no need to form the wirings so as to 
extend over the peripheral end face as in the conventional example of Fig. 7, 
thus making the manufacturing process simpler. 

In addition, the thin metal plate leads constituting the wirings 4 are 
embedded at the intermediate portion 4c in the resin forming the base 1 as 
described above, and therefore the influence of the reflection and the 
leakage of Ught from the thin metal plate lead surfaces on the 
Hght-receptive region 5a can be reduced. 

Emhodiment 2 

A solid-state imaging device according to Embodiment 2 will be 
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described below, with reference to Figs. 3 and 4. The same reference 
numerals will be assigned to the same elements as in Embodiment 1 so as to 
simplify their explanations. This embodiment is different from 
Embodiment 1 in the configuration of a base 10. The base 10 with a 
rectangular planar shape has a flat plate form having a uniform thickness 
as the whole in its cross-sectional shape, and does not have a recess as in 
Embodiment 1. An aperture 11 is formed in the central portion of the plate 
form base 10, and an imaging element 5 is mounted thereon with its 
Hght-receptive region 5a facing the aperture 11. 

On the bottom face of the base 10, a plurahty of wirings 12 made of 
thin metal plate leads are disposed, which extend from the edge of the 
aperture 11 to an outer peripheral end face of the base 10. On an electrode 
pad (not illustrated) disposed on the same surface of the imaging element 5 
as the light-receptive region 5a, a bump 8 is disposed, which is connected 
with an internal terminal portion 12a at an end portion of each wiring 12 on 
the side of the aperture 11. An end portion of each wiring 12 disposed on 
the bottom face of the outer peripheral region of the base 10 forms an 
external terminal portion 12b. On the external terminal portion 12b of the 
each wiring 12, a solder ball 13 is provided, which is utilized for the 
connection with an electrode on a circuit board. The solder ball 13 also has 
the function of keeping the base 10 at a suitable height from the circuit 
board face. 

In this solid-state imaging device also, the base 10 is formed by 
embedding the thin metal plate leads constituting the wirings 12 therein. 
As shown in Fig. 4A, the entire bottom surface of the wirings 12 is exposed. 
Meanwhile, as shown in Fig. 4B, the side edge face of the wirings 12 is 
embedded in a resin constituting the base 10. Therefore, the frame form of 
the base 10 is reinforced by the thin metal plate leads so as to maintain the 
flatness of the top and bottom surfaces of the base favorably That is to say, 
the rigidity functioning against the internal stress generating a curl and a 
warp is increased by embedding the thin metal plate leads therein, thus 
maintaining the flatness of the frame form. 

By making the base 10 the flat plate form as in this embodiment, the 
following advantages can be obtained, in addition to the easiness of the 
resin molding. That is to say, if a warp of the base 10 and the Hke cannot 
be eliminated completely by embedding the wirings 12 therein, then the 
warp and the like can be corrected after the molding. For instance, after 
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the resin molding and before packaging the imaging element 5, such 
deformation can be corrected easily by sandwiching the top and the bottom 
faces of the base 10 between flat planes, foUowed by the appHcation of a 
heat thereto. 

A positioning reference hole 14 provided in the base 10 includes a 
large diameter portion 14a on a top face side and a small diameter portion 
14b on a bottom face side, which are formed concentricaUy. As shown in 
Fig. 4A, the positioning reference hole 14 is arranged so as not to overlap 
the wiring 12, and the smaU diameter portion 14b is exposed from the rear 
face. In manufacturing, the position of this small diameter portion 14b is 
detected by an image recognition apparatus and the hke, and then the 
position of the imaging element 5 can be determined with reference to the 
position of the smaU diameter portion 14b at the time of packaging the 
imaging element 5. In addition, by determining the planar position of a 
lens barrel with reference to the large diameter portion 14a, the relative 
position of the imaging element 5 and the lens barrel can be determined 
with accuracy The position of the lens barrel can be determined easily, for 
example, by fitting a shaft provided below the lens barrel into the large 
diameter portion 14a. 

F.mhndiment 3 

A method for producing the solid-state imaging device having the 
above-described configurations wiU be described below, with reference to 
Figs. 5 and 6. In the foUowing description, a case where the manufacturing 
, method of this embodiment is appfied for manufacturing the solid-state 
imaging device having the configuration of Figs. 1 and 2, will be exemphfied. 
Figs. 5A to 5C show only a process of molding a base. Fig. 6 is a plan view 
of the base at a stage of Fig. 5B. 

Firstly, a lower mold 20 and an upper mold 2 1 shown in Fig. 5A are 
) prepared as molds for resin molding. The lower mold 2 1 has a recess 20a 
formed therein. This recess is fiUed with a resin so as to mold the base 1 of 
Fig. 1. Note here that Fig. 5A shows the base 1 being molded by turning 
the state of Fig. 1 upside down. In the central portion of the lower mold 20, 
a lower protrusion 20b also is formed. The upper mold 2 1 has an upper 
5 protrusion 21a formed in its central portion. When the lower mold 20 and 
the upper mold 21 are combined, the lower protrusion 20b and the upper 
protrusion 21a are opposed to each other so as to form a region that is not 
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fOled with the resin. Thereby, after the molding, the base 1 has the 
aperture 2 shown in Fig. 1. The lower face of the upper protrusion 21a has 
shoulder portions 21b, each protruding outside beyond an upper face of the 
lower protrusion 20b, and these shoulder portions 2 lb aUow faces of the 
recess 3 of Fig. 1 to be formed. 

Between the lower mold 20 and the upper mold 21, a deflashing 
sheet 25 and a lead frame 24 including a thin metal plate lead 22 
(corresponding to the wiring 4) and a reinforcing plate 23 are sandwiched. 
The use of the deflashing sheet 25 reduces the generation of flash durmg the 
resin molding, and also secures a stand-off. The reinforcing plate 23 as 
shown in Fig. 6 has the same planar shape as that of the aperture 2 of the 
base 1 The thin metal plate lead 22 and the reinforcing plate 23 are 
formed with one thin metal plate, and the border between the thin metal 
plate lead 22 and the reinforcing plate 23 is processed in a 
semi-disconnected state. The deflashing sheet 25 is used for avoiding tiie 
generation of a flash at an end portion of the molded resin. 

As the process for molding, firstly, in a state shown m Fig. 5A, a 
resin is poured into cavities formed with the lower mold 20 and the upper 
mold 21, foUowedby curing of the resin so as to form the base 1 in which the 
thin metal plate lead 22 is embedded. Next, the lower mold 20 and the 
upper mold 21 are detached from one another, and, as shown in Figs. 5B and 
Fig 6 a resin molded member shaped in the form of the base 1 with the 
thin metal plate lead 22 embedded is taken out. FinaUy the reinforcing 
plate 23 is separated so as to obtain the base 1 as shown in Fig. 5C. 

The imaging element 5 is packaged onto this base 1, as shown m Fig. 
1, and then the transparent plate 6 is attached thereto so as to complete the 
sohd-state imaging device. 

In the above-described molding process, the presence of the 
reinforcing plate 23 reduces the generation of a curl and a warp of the base 
1 In other words, in the absence of the reinforcing plate 23, a hoUow 
would be formed during the molding at a region between the lower mold 20 
and the upper mold 21, which corresponds to a portion of the aperture 2. 
The presence of the hoUow causes the generation of a curl and a warp of the 
base 1 after the molding. On the contrary, the presence of the remforcmg 
5 plate 23 aUows the hollow not to be formed during the molding, thus 

suppressing the generation of a curl and a warp of the base 1. In addition, 
when the hoUow is formed during the molding because of the absence of the 
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reinforcing plate 23. the deflashing sheet 25 cannot be fixed sufficiently m 
the molds, which increases a tendency toward the generation of a flash 
during the resin molding. On the contrary, the presence of the remforcing 
plate 23 aUows the deflashing sheet 25 to be sandwiched flatly between the 
lower mold 20 and the upper mold 21. thus reducing the generation of a 
flash of the resin. 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this apphcation are to be considered in all respects as 
illustrative and not Hmiting. The scope of the invention is indicated by tJie 
appended claims rather than by the foregoing description, and all changes 
which come within the meaning and range of equivalency of the claims are 
intended to be embraced therein. 
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